Abstract
INTRODUCTION
Scintigraphy is the gold standard for measuring gastric emptying and offers the advantage of completely characterizing the complex physiology of intragastric distribution of the meal (IDM) between the proximal and the distal regions [1] [2] [3] . Quantification of intragastric distribution could help to define abnormal physiology and explain certain functional dyspeptic symptoms [4] , especially when global gastric emptying values are normal [3] . Proximal-distal segmentation approaches employed to divide the stomach in proximal and distal regions remain a challenge for studying IDM; therefore, a validation is necessary before incorporating it into clinical practice [3] . At least three segmentation approaches were adopted, based on the proximal stomach defined immediately after a meal, to divide the stomach into two equal areas and using the incisura [1, 2, [4] [5] [6] [7] . No previous studies have compared the results obtained by those three approaches, and several studies have perceived that there may be problems regarding the division of gastric segments into proximal and distal regions [6, 8] . In particular, the two gastric compartments might not be easily identifiable, the incisura may not be pronounced, and somewhat arbitrary definitions cannot be always applied [8] .
Apart from the well-known phasic motor activity of 3 cpm (cycle per minute) in the distal stomach, a phasic activity of 1 cpm was observed in dogs and humans using different techniques and appears to be concentrated in the proximal region [9] [10] [11] [12] . Thus, considering that each frequency of contraction can be associated with one gastric region, the dominant frequencies could facilitate the characterization of the proximal and distal regions of stomach. The functions of the stomach regions can vary according to the nutrient content [7] , and there is a clinical recommendation for consumption of smaller and more frequent meals to avoid postprandial symptoms in patients with common gastrointestinal disorders [13, 14] . However, there is little information about the effects of meal size on intragastric distribution, especially for semisolid small meals. The aim of this study was to evaluate the effects of meal size and three proximal-distal segmentations on intragastric distribution and gastric motor activity by scintigraphy.
MATERIALS AND METHODS

Subjects
Twelve healthy volunteers (three female and nine male) with a range of body mass indices of 18.5-24.9 kg/m 2 and an age of 25-45 years participated in the studies. None had a history of digestive disease or abdominal surgery. Informed written consent was obtained from each participant. The studies were performed in agreement with Declaration of Helsinki and the local Ethics Committee approved the protocol.
Study protocol
Each volunteer was evaluated twice on separate occasions for ingestion of 60 and 180 mL of a semisolid test meal (yogurt containing 1 kcal/mL). The yogurt was chosen to simulate a small meal that is commonly ingested between large meals. In vitro tests were achieved to assure that the Tc-99m tin colloid and the yogurt were adequately blended [12] . The studies were performed in the morning, after an overnight fast, in a randomized order, and were separated by an interval of one wk. Both test meal were labeled with 64 MBq 99m Tc-tin colloid as a nonabsorbable carrier and consumed with the volunteers standing upright in front of the gamma camera.
A dual-head gamma camera (Sopha Vision, Model DST, Sophycammera; Medical Sopha Vision America, Twinsburg, OH, USA) equipped with a parallel-hole low-energy and high-resolution collimator was used. The gamma camera was set up to record activity around the 140-keV photopeak of 99m Tc. A dynamic set of 1080 frames (1 frame/s) was acquired for 18 min and images were stored in a 64 × 64 matrix for further analysis. A geometric mean of the anterior and posterior gastric counts was determined for each time point and corrected for radionuclide decay [3] .
Data analysis
All digital images were analyzed in MatLab (Mathworks Inc., Natick, MA, USA). The total stomach was outlined in the composite image (summation of all images) with a cursor over the largest anterior gastric image obtained by ingestion of 180 mL. The outline for each 180 mL analysis was individually copied and fitted in the 60 mL image of the same subject. This outline was then subdivided into two regions of interest (ROIs) corresponding to the proximal and distal stomach, according to each method used ( Figure 1 ): ROIs 1: The proximal stomach region was the "reservoir" area seen in all subjects in the first postprandial frames and the line used to divide proximal/distal stomach was drawn immediately below this region [2, 7, 15] ; ROIs 2: The image was divided into two equal areas, designated the proximal and distal stomach, by a mid-length separation in the longitudinal axis of the stomach [1, 4, 16] ; and ROIs 3: The proximal and distal regions of the stomach were separated by a fainter band of radioactivity coinciding with the angula; thus the stomach was arbitrarily divided by drawing a line across the incisura angularis [5, 6] . 
Intragastric distribution of the meal
The time for meal consumption was measured individually. Thus, a value considering 100% retention of the meal was dependent of the activity at the end of the lag phase (the frame before any activity appeared in the small intestine) and immediately after meal completion. Time zero started when the retention was 100%. For each region (total, proximal and distal stomach) activity time curves, expressed as percentages of activity in the total stomach with 100% of meal retention, were obtained. The intragastric distribution of 60 and 180 mL were assessed from activity time curves derived from each region and considering the three proximal-distal segmentations by calculating the following parameters: (1) initial retention: the percentage of initial activity (%) contained in the total, proximal and distal stomach at time zero; (2) final retention: the percentage of final activity (%) contained in the total, proximal and distal stomach at 18 min; (3) proximal emptying half-time (T1/2): expressed as the time (min) when the initial retention in the proximal stomach decreased by 50%; (4) maximal distal content: the highest activity value (%) in the distal stomach at any time point in the study; and (5) gastric emptying of the whole stomach (representing% retention over time) was obtained from time zero to 18 min.
Comparisons of the data for three proximal-distal segmentations were made for both meals employing area under curves (AUC) and statistical moment analysis. The AUC derived from the proximal or distal stomach was expressed as percentage of AUC obtained from total stomach. The statistical moment (minutes) was obtained through the temporal average from the proximal or distal distribution curve, normalized by AUC [17] . This quantification allowed determination of a distribution time that could be associated with the midpoint of the proximal and distal distribution curves.
Contractility
Fast fourier transform (FFT) was employed to analyze phasic contractions in both gastric regions (proximal and distal) and for each type of proximal-distal segmentation. A bi-directional Butterworth band-pass filter with a cutoff frequency at 5-75 mHz (0.3-4.5 cpm) was applied. Dominant frequencies were expressed as the frequency at which the highest FFT power spectrum was observed in the proximal and distal regions. Values were expressed as power ratios (%), determined by dividing the power of each dominant frequency by the total power (sum of both frequencies), and multiplying the results by 100 for each stomach region in all proximal-distal segmentations [18] .
Statistical analysis
Data were expressed as mean ± SE. The hypothesis of a normal data distribution was confirmed using ShapiroWilk's test. Data obtained by meals of 60 and 180 mL were compared using Student's t test and P-values less than 0.05 were considered significant. Comparisons among types of proximal-distal segmentation were analyzed by one-way ANOVA and Tukey's test, with P < 0.05 considered significant.
RESULTS
Our data demonstrated a significant effect of meal size and the three proposed proximal-distal segmentations on intragastric meal distribution and gastric contractility. After ingestion, both meals were rapidly dispersed through the whole stomach with a minimal lag phase. There was no difference between the lag-phase for 60 mL (1.9 ± 0.2 min) and for 180 mL (2.3 ± 0.2 min).
The three proposed proximal-distal segmentations (ROIs) could be applied to all volunteers. Figure 2 shows the profile of IDM of the 60 and 180 mL meal over 18 min for the three types of proximal-distal segmentations. A redistribution of food from the proximal to the distal stomach according to employed segmentation was observed.
There was greater proximal retention after 180 mL ingestion compared to 60 mL, which was proportional to the increase in the area of proximal stomach generated by the type of proximal-distal segmentation. ROIs 1 presented a smaller proximal region and a fast redistribution of the meal for the distal area occurred. By contrast, in ROIs 3, the initial retention in the proximal region was greater than in the other proximal-distal segmentations and presented a slow redistribution of the meal for the distal area. ROIs 2 showed an intermediate pattern. Thus, there was a significant difference among the three ROIs segmentations employed (P < 0.05).
No difference was found in the percentage of the meal retained in the total stomach after 60 mL (13.3% ± 3.0%) and 180 mL (13.0% ± 2.4%) ingestion over 18 min. Table 1 compares the effect of meal size and proximaldistal segmentation in IDM parameters, reinforcing the relationship between proximal area and parameters of regional gastric emptying. Table 2 presents the mean area under the curve and the statistical moment for the proximal and distal regions, for each of the three types of segmentation, after ingestion of the test meals. For the smaller meal, there was a significant difference among ROIs, while the increased meal size generated a difference only between ROIs 1 and 3.
Moment calculation demonstrated that the differences between the ROIs were only evident with 60 mL but not with 180 mL meal for the three types of proximaldistal segmentation. Comparison of moments for the distal region for both meals showed no significant differences. The statistical moment obtained in the proximal area was influenced by the type of segmentation adopted (Table 2) , representing an option to quantify a time related to intragastric distribution.
An important finding was both dominant frequencies were recorded in the proximal stomach (16.0 ± 1.0 mHz or 1 cpm and 50.0 ± 2.0 mHz or 3 cpm) and in the distal stomach (16.0 ± 1.0 and 50.0 ± 1.0 mHz), independently of gastric segmentation. The dominant frequencies were observed to overlap in the signal of proximal stomach at different time points (Figure 3) . Power ratio calculations indicated that there was a rearrangement of the maximum power of each frequency (1 and 3 cpm) according to the segmentation type.
The difference is shown in the power spectrum of these frequencies according to the type gastric segmentation (Figure 4) . A difference could be observed in the distal region between 60 and 180 mL: for 180 mL meal there was an increase of the 1 cpm and a decrease of the 3 cpm in ROIs 2 and 3. There were no significant changes for ROIs 1.
DISCUSSION
The results showed that meal distribution in the human stomach differs according to the volume used (60 or 180 mL) and noticeably according to proximal-distal image segmentation used. Dynamic gastric scintigraphy was effective for determining two dominant frequencies (1 and   5864 December 14, 2010|Volume 16|Issue 46| WJG|www.wjgnet.com 3 cpm), and the magnitude of these contractions in both the proximal and distal stomach. It has been previously shown that volume and meal size influenced gastric emptying [19, 20] ; thus, it seems logical to advise patients to decrease the size and increase the frequency of meals during certain conditions, such as pregnancy, gastroesophageal reflux disease, and functional dyspepsia [14] . Our meals were chosen to investigate IDM and motility patterns using semisolid small meals in order to establish a pattern in healthy volunteers. Thereafter, our approach can be applied in patients to verify IDM and gastric motor activity after the recommended consumption of a smaller meal.
The emphasis of most previous studies was on total gastric emptying [19] , despite the fact that regional gastric emptying is more frequently abnormal than total gastric emptying [2] . The partitioning of ingested meals between the proximal and distal stomach is related to the genesis of dyspeptic symptoms, such as early satiety, fullness, and nausea [1, 4, 21] . The meal distribution within the area of the stomach might strongly influence the way in which the stomach is subdivided [4] . Unfortunately, the methods used for defining these two areas are still controversial and poorly defined [15] . Our data demonstrated a direct relationship between gastric compartment size and IDM. The choice of the segmentation technique should consider variations in the stomach shape [16] and the objective of the study. For example, using ROIs 1 it is possible analyze details of the fundic accommodation process' whereas employing ROIs 2 both dominant frequencies can be equally observed, and ROIs 3 is useful to evaluate antral contractility. Generally, twenty minutes after the ingestion of a larger meal, a gradual decrease in proximal stomach activity begins, with a corresponding increase in the distal stomach, indicating a redistribution of food from the proximal to the distal stomach [1, 4, 5] . Hence, our IDM data were obtained during this initial stage, showing that the 60 mL meal quickly began to be redistributed to the distal region; whereas, using 180 mL, there was a slower redistribution from proximal to distal stomach in all segmentations adopted (Figure 2 ). In the curves obtained from ingestion of 180 mL was impossible calculate T1/2 from the proximal stomach during the 18 minutes of recording, except for ROIs 1, reinforcing the retention in the proximal region. In the final retention values, there was a significant difference between three ROIs segmentation and both meals ingested (Table 1) .
To quantify the IDM, we used the statistical moments, which have previously been utilized only in pharmaceutical approaches [17] , and the traditional AUC. The statistical moments and AUC provide complementary information about the data observed. Both quantification methods showed that proximal-distal segmentations have more effect for the 60 mL meal than for 180 mL. However, there was no difference in the statistical moment between ROIs in the distal curve profile, whereas there was a significant difference in AUC. Distal accumulation time was defined previously by our group as the time elapsing from the meal ingestion until the activity reached 99% of the maximum value in the sigmoidal tracing over the distal stomach curves [12] . The distribution time obtained by the statistical moment was very close to the distal accumulation time, but can be employed for any kind of curve, including proximal stomach curves.
It is important to emphasize that partitioning of ingested meals between the proximal and distal stomach is related to gastric accommodation. Abnormal IDM might be a consequence of disturbed proximal stomach accommodation [4] in a considerable subset of patients with functional dyspepsia and might have a role in symptom production, such as early satiety and weight loss [6] . Studies of dyspepsia have shown a preferential accumulation in the distal stomach, suggesting defective postprandial relation of the proximal stomach; however, it is difficult to draw general conclusions because each study employed a different proximal-distal partition. It would be interesting to provide data on the relationship between meal size, proximal-distal segmentation, IDM, and accommodation in this patient group. Information on the accommodation 5866 December 14, 2010|Volume 16|Issue 46| WJG|www.wjgnet.com Figure 4 The power ratios showed the presence of both frequencies (1 cpm and 3 cpm) in the proximal and distal stomach, and that their intensities depend on the adopted proximal-distal segmentation and on the meal size ingested. a P < 0.03 between 60 and 180 mL for both frequencies in distal region, c P < 0.005 between ROIs 1 and ROIs 3, e P < 0.05 between ROIs 1 and ROIs 3, g P < 0.05 between ROIs 2 and ROIs 3. ROIs: Regions of interest. process will have clinical value, especially for studying patients with dyspepsia and normal gastric emptying, and it may contribute directly to improved medical therapy [22] . Fast Fourier transformation of our scintigraphic recordings defined two dominant frequencies in the distal as well as the proximal stomach, in all volunteers (Figure 3) . Meal size did not affect the dominant frequencies of the contractions or their power, but there was a large difference in the power spectra of these frequencies, based on image segmentation. The power ratio of the proximal signal was rearranged for the maximum power of each frequency (1 and 3 cpm), according to segmentation type. Hence, there was a power gradient from ROIs 1 to ROIs 3, where 1 cpm decreases and 3 cpm increases in the human proximal stomach (Figures 3 and 4) . This motor activity around 1 cpm on the proximal stomach [9, 10, 23] has not been extensively documented in humans, although it has been correlated with functional dyspepsia [9] , mainly due to methodological issues, such as differences in barostat systems [24] and/or filter parameters employed in data analysis [12] . In summary, the results of research and/or diagnosis can be deeply influenced by the proximal-distal segmentation method adopted. Two dominant frequencies (1 and 3 cpm) can be simultaneously registered in the proximal and distal stomach, but the proximal-distal segmentation should be considered carefully to analyze their power spectra. The protocol developed in this study can be applied in patients with several disorders, with the advantages of simultaneous evaluation of IDM and gastric contractions.
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COMMENTS
Background
The stomach is composed of two distinct functional regions. The distal stomach is capable of generating 3 vigorous contractions per minute (cpm), which cause reduction in size of ingested particles and subsequent emptying. The proximal stomach is primarily concerned with storage of the ingested food, with a slight contraction activity around 1 cpm. During a meal, the stomach continuously adapts its size to the content by gradually relaxing its musculature, performing the so-called accommodation to distension. Intragastric distribution of the meal (IDM) between the proximal and distal stomach is related to the accommodation process, and is useful for defining abnormal physiology and for explaining certain functional disease symptoms.
Research frontiers
Proximal-distal segmentation approaches employed to divide the stomach into proximal and distal regions remain a challenge in the study of IDM. Unfortunately, the methods used for defining these two areas are still controversial and poorly defined. Validation is necessary before incorporating these methods into clinical practice. Two dominant frequencies (1 and 3 cpm) can be registered simultaneously in the proximal and distal stomach, but the proximal-distal segmentation should be considered carefully to analyze their power spectra. The motor activity around 1 cpm on the proximal stomach has been correlated with functional dyspepsia. In this context, the frequency of contraction can be explored to elucidate certain disease patterns.
Innovations and breakthroughs
Scintigraphy already is the gold standard for measuring gastric emptying and offers the advantage of completely characterizing the complex physiology of IDM between stomach regions. New studies can be exploited to refine and extend its use in clinical practice. The functions of the stomach regions can vary according to the nutrient content and there is a clinical recommendation for consumption of smaller and more frequent meals to avoid postprandial symptoms in patients with common gastrointestinal disorders. However, there is little information about the effects of meal size on intragastric distribution, especially for semisolid small meals. In the area of functional disorders research, considerable effort is being expended on how to convert basic knowledge into benefits for patients' treatment. Therefore, in the present study we compared three kinds of segmentation in normal volunteers and showed that segmentation is remarkably important in the evaluation of IDM and gastric motility. This observation is particularly relevant when assessing patients.
Applications
Abnormal IDM might be a consequence of disturbed proximal stomach accommodation in a considerable subset of patients with functional dyspepsia and might have a role in symptom production, such as early satiety and weight loss. Studies of dyspepsia have shown a preferential accumulation in the distal stomach, suggesting defective postprandial accommodation in the proximal stomach; however, it is difficult to draw general conclusions, because each study employed a different proximal-distal partition. Thus, providing data on the relationship between meal size, proximal-distal segmentation, IDM, and accommodation in this patient group is very important. Information about the accommodation process will have clinical value, especially in the study of patients with dyspepsia and normal gastric emptying, and might directly influence medical therapy.
Terminology
IDM represents the distribution of gastric contents between the proximal and distal stomach during gastric emptying. Dyspepsia is a medical condition characterized by chronic or recurrent pain in the upper abdomen, bloating, and fullness.
